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3UHSDUDWLRQDQGFKDUDFWHULVDWLRQRIDUREXVWDQGK\GURSKRELFFHUDPLFPHPEUDQH
FRQWDFWRUYLDDQLPSURYHGVXUIDFHJUDIWLQJWHFKQLTXHIRU&2FDSWXUHDWIOXHJDV
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$ JHQHUDO FRQVHQVXV IURP WKH ZRUN RI PDQ\ FOLPDWH VFLHQWLVWV KDV HPHUJHG LQGLFDWLQJ WKDW
FDUERQGLR[LGH LV WKHPRVW LPSRUWDQWDQWKURSRJHQLFJUHHQKRXVHJDV7KHPDMRUVRXUFHRI WKH
FDUERQ GLR[LGH LV WKH FRPEXVWLRQ RI IRVVLO IXHOV FRDO QDWXUDO JDV DQG KHDY\ K\GURFDUERQV
ZKLFKFXUUHQWO\VXSSOLHVRYHURIZRUOGHQHUJ\XVH2IWKLVHQHUJ\XVHDSSUR[LPDWHO\
LV XVHG LQ SRZHU SODQWV 7KHUH DUH VHYHUDO RSWLRQV WR UHGXFH &2 HPLVVLRQV VXFK DV D
UHGXFWLRQ LQ HQHUJ\ UHTXLUHPHQW HIILFLHQW XVDJH RI HQHUJ\ IXHO FHOO DOWHUQDWLYH HQHUJ\
K\GURJHQUHQHZDEOHHQHUJ\DQG&2FDSWXUH$PRQJWKHP&2FDSWXUHLVEHLQJFRQVLGHUHG
DV D WUDQVLWLRQDO VROXWLRQ WR PLWLJDWH WKH HQYLURQPHQWDO LPSDFW XQWLO WKH GHYHORSPHQW RI
UHQHZDEOHHQHUJ\WHFKQRORJLHVUHDFKHGLWVPDWXULW\

7KH WHFKQRORJ\ RI SRVW FRPEXVWLRQ FDSWXUH 3&& LV ZHOO UHFRJQL]HG E\ JRYHUQPHQW DQG
LQGXVWU\ DV D ZD\ WR DEVRUE  RI &2 HPLVVLRQV IURP IRVVLO IXHOILUHG SRZHU SODQWV
7UDGLWLRQDO DEVRUSWLRQ DQG GHVRUSWLRQ FROXPQV LQ WKH 3&& SURFHVV ZHUH ILOOHG ZLWK SDFNLQJ
PDWHULDOV WRSURYLGHPRUHFRQWDFWDUHDEHWZHHQ WKHJDV&2DQG OLTXLG DEVRUEHQWSKDVHV
7KHVHSDFNHGFROXPQVRIWHQKDYHSUREOHPVVXFKDVIORRGLQJORDGLQJDQGFKDQQHOLQJUHVXOWLQJ
IURPWKHYDULDWLRQRIOLTXLGRUJDVIORZUDWHV&XUUHQWO\KROORZILEUHPHPEUDQHVKDYHEHHQXVHG
DV D SDFNLQJ PDWHULDO WR IRUP DPHPEUDQH FRQWDFWRU IRU WKH 3&& SURFHVV ,Q D PHPEUDQH
FRQWDFWRUWKHPHPEUDQHDFWVDVDPHGLXPWRSURYLGHDFRQWDFWDUHDLHPHPEUDQHSRUHVIRU
JDVDQGOLTXLG7ZRIOXLGVIORZRQWKHRSSRVLWHVLGHVRIWKHPHPEUDQHDQGWKXVFDQEHRSHUDWHG
LQGHSHQGHQWO\ZLWKRXWIORRGLQJDQGORDGLQJSUREOHPV,WVKRXOGEHQRWLFHGWKDWWKHPHPEUDQHV
PXVW EH RSHUDWHG LQ D QRQZHWWHG FRQILJXUDWLRQ WR SUHYHQW ZHWWLQJ DQG PL[LQJ EHWZHHQ
FRQWDFWLQJ SKDVHV +ROORZILEUH PHPEUDQH FRQWDFWRUV KDYH DOVR EHHQ SURYHQ WR KDYH RWKHU
DGYDQWDJHVVXFKDV WKH ODUJHUVXUIDFHDUHDYROXPHUDWLRDQGKLJKHUHIILFLHQF\FRPSDUHGZLWK
WKHFRQYHQWLRQDOSDFNHGFROXPQV

$OWKRXJKPRVWPHPEUDQHVLQPHPEUDQHFRQWDFWRUVDUHPDGHIURPSRO\PHULFPDWHULDOVVXFKDV
SRO\SURS\OHQH3(DQGSRO\VXOSKRQH36WKH\FDQEHZHWWHGRUFRUURGHGE\DEVRUEHQWVRYHU
ORQJ WHUP RSHUDWLRQ OHDGLQJ WR SRRU SHUIRUPDQFH GXULQJ WKH DEVRUSWLRQ SURFHVV &HUDPLF
PHPEUDQHV DUH ZHOO NQRZQ IRU WKHLU VXSHULRU FKHPLFDO DQG WKHUPDO VWDELOLW\ DQG WKHUHIRUH
SURYLGH DQ DOWHUQDWLYH IRUDPHPEUDQH FRQWDFWRU+RZHYHU FHUDPLFPHPEUDQHV KDYH OLPLWHG
XVH LQ PHPEUDQH FRQWDFWRUV IRU DTXHRXV PHGLD EHFDXVH RI WKH K\GURSKLOLF QDWXUH RI PRVW
FHUDPLF PHPEUDQH PDWHULDOV 7KH DLP RI WKLV VWXG\ LV WR GHYHORS UREXVW DQG K\GURSKRELF
FHUDPLF PHPEUDQHV LQ WKH KROORZILEUH FRQILJXUDWLRQ DQG WR XVH WKH PHPEUDQHV WR IRUP D
FHUDPLFPHPEUDQHFRQWDFWRUIRU&2FDSWXUH

<WWULD VWDELOLVHG ]LUFRQLD <6= ZDV VHOHFWHG DV WKH PHPEUDQH PDWHULDO GXH WR LWV KLJK
PHFKDQLFDO VWUHQJWK DQG FRPSHWLWLYH SULFH $Q LPPHUVLRQLQGXFHG SKDVH LQYHUVLRQ DQG
VLQWHULQJ WHFKQLTXH ZDV HPSOR\HG LQ SUHSDULQJ WKH <6= KROORZILEUH PHPEUDQHV &KHPLFDO
FRPSRXQGVKDYLQJERWKDK\GURO\VDEOHHQGXQLWDQGDK\GURSKRELFWDLOZHUHXVHGLQDJUDIWLQJ
SURFHVV WR LQFUHDVH WKH K\GURSKRELFLW\ RI FHUDPLF PHPEUDQHV 7KH K\GURO\VDEOH JURXSV
FKHPLFDOO\ ERQGZLWK K\GUR[\O JURXSV 2+ RQ WKH FHUDPLFPHPEUDQH VXUIDFH ZKHUHDV WKH
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K\GURSKRELFWDLOVLQFUHDVHWKHK\GURSKRELFLW\RIWKHFHUDPLFPHPEUDQHVXUIDFH$SUHWUHDWPHQW
WHFKQLTXHVVXFKDVDONDOLQHRUVWHDPSUHWUHDWPHQWZDVGHYHORSHG WRHQKDQFH WKHDPRXQWRI
2+JURXSVRQWKH<6=PHPEUDQHVXUIDFH7KHUHVWRUHG2+JURXSVFDQLQFUHDVHWKHDPRXQW
RIJUDIWLQJFRPSRXQGVDQGIXUWKHUHQKDQFHWKHK\GURSKRELFLW\RQPHPEUDQHVXUIDFH$IWHUWKH
JUDIWLQJSURFHVVERWK WKHVXUIDFHDQGSHUPHDWLRQSURSHUWLHV LQFOXGLQJFRQWDFWDQJOHVROYHQW
SHUPHDELOLW\VXUIDFHURXJKQHVVDQGSRUHVL]HGLVWULEXWLRQZHUHGHWHUPLQHG7KHFRQWDFWDQJOH
RIWKHJUDIWHGPHPEUDQHVXVLQJWKHSUHWUHDWPHQWWHFKQLTXHZDVDSSUR[LPDWHO\LQGLFDWLQJ
WKDW WKH K\GURSKLOLF PHPEUDQH VXUIDFHV ZHUH VXFFHVVIXOO\ PRGLILHG WR EH K\GURSKRELF 7KH
UHVXOWV RI FRQWDFW DQJOH IRU <6= PHPEUDQHV DUH VKRZQ DV )LJXUH  7KHUH LV QR FOHDU
PRUSKRORJLFDOGLIIHUHQFHEHWZHHQWKHQRQJUDIWHGDQGJUDIWHG<6=PHPEUDQH$FURVVVHFWLRQ
6(0 LPDJH RI D JUDIWHG <6=PHPEUDQH LV VKRZQ DV)LJXUH  7KH JUDIWHGPHPEUDQHZDV
IRXQGWREHWKHUPDOO\VWDEOHXSWR&DQGFKHPLFDOO\VWDEOHLQKH[DQHIRUK

7KH<6=EDVHGK\GURSKRELFFHUDPLFPHPEUDQHVZHUHWKHQSDFNHGLQWRDVWDLQOHVVVWHHOWXEH
WR IRUP DPHPEUDQH FRQWDFWRU 7KHPHPEUDQH FRQWDFWRU ZDV DSSOLHG WR &2 DEVRUSWLRQ E\
XVLQJ DQ DTXHRXV DEVRUEHQW 7KH PRGXOH SHUIRUPDQFH HIIHFWV RI RSHUDWLRQ FRQGLWLRQV DQG
PDVVWUDQVIHUPRGHOXVLQJWKHK\GURSKRELFFHUDPLFPHPEUDQHFRQWDFWRUZHUHVWXGLHGLQRUGHU
WR WKRURXJKO\ XQGHUVWDQG WKH &2 DEVRUSWLRQ SURFHVV ,W KDV EHHQ IRXQG WKDW WKH KHLJKW RI
WUDQVIHUXQLW+78RIWKHPHPEUDQHFRQWDFWRUZDVVPDOOHUWKDQFRQYHQWLRQDOSDFNHGFROXPQV
E\DSSUR[LPDWHO\RQHRUGHURIPDJQLWXGHLQGLFDWLQJWKDWDVKRUWHUOHQJWKRIFROXPQVLVUHTXLUHG
LH LW LV PRUH HIILFLHQW DQG HFRQRPLFDO )LJXUH  VKRZV WKH +78 RI WKH <6= PHPEUDQH
FRQWDFWRU RSHUDWLQJ DW GLIIHUHQW FRQFHQWUDWLRQV RI OLTXLG DEVRUEHQW 7KH SHUIRUPDQFH RI WKH
PHPEUDQHPRGXOHVKRZHGDFRPSHWHQWSHUIRUPDQFHDWKLJKRSHUDWLQJWHPSHUDWXUHE\XVLQJD
KLJKHUFRQFHQWUDWLRQRIDEVRUEHQWZKLFKZRXOGZHWRUFRUURGHPRVWSRO\PHULFPHPEUDQHV7KH
VWDEOHK\GURSKRELFLW\RI WKHPHPEUDQHPRGXOHKDVDOVREHHQGHPRQVWUDWHGE\FRQWDFWDQJOH
PHDVXUHPHQWV 7KH <6= KROORZILEUH PHPEUDQH FRQWDFWRU ZLWK WKHUPDO FKHPLFDO DQG
K\GURSKRELFVWDELOLW\LVDSURPLVLQJSRVVLELOLW\IRU&2FDSWXUHDWKLJKWHPSHUDWXUH

1RJUDIWHGILEUH
 
)LJXUH  (IIHFW RI JUDIWLQJ WLPH RQ WKH FRQWDFW
DQJOHVRIYDULRXVJUDIWHG<6=PHPEUDQHV
)LJXUH6(0LPDJHVRIJUDIWHG<6=KROORZILEUH
PHPEUDQHV&K

436   S. Wei et al. /  Procedia Engineering  44 ( 2012 )  434 – 436 

)LJXUH+78RI<6=PHPEUDQHFRQWDFWRUZLWKYDULHGDEVRUEHQWFRQFHQWUDWLRQDW.&2
YHORFLW\PV

5HIHUHQFHV
(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ,QWHUQDWLRQDOHQHUJ\RXWORRN'2((,$
0DF'RZHOO1)ORULQ1%XFKDUG$+DOOHWW-*DOLQGR$-DFNVRQ*$GMLPDQ&6
:LOOLDPV
&.6KDK1DQG)HQQHOO3(QHUJ\DQG(QYLURQPHQWDO6FLHQFH
&&:HL2<&KHQ</LXDQG./L-0HPEU6FL
.H\ZRUGV0HPEUDQH&RQWDFWRU<6=FHUDPLFPHPEUDQH&2FDSWXUH)OXHJDV


